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(54) Fan module 

(57) A cooling module comprises a radiator (21), a 
condenser (1 1 ), a motor (1 2) and a fan (1 8) driven there- 



by. A non rotating ring (20) extends about the fan (18) 
periphery so that the fan (18) is situated between the 
condenser (11) and the radiator (21). 



Fig.2. 



CM 
00 

£ 

o 

Q- 
LU 




Printed by Jouw, 75001 PARIS (FR) 



1 



EP 0 761 982 A1 



2 



D scription 

The present invention relates to a cooling apparatus 
and more specifically but not exclusively to such appa- 
ratus for cooling heat engines used in particular in au- 
tomobile vehicles. More precisely, it proposes a new ar- 
rangement of the motor fan group relative to two heat 
exchangers such as the radiator and the condenser. 

Under the bonnet of the vehicle the space available 
to house the cooling apparatus is increasingly often lim- 
ited. The concern with finding more space is always 
present and the modules must be adapted to new con- 
straints of size limitation. In addition to this desire to 
save space there must now be added the attempt to re- 
duce the weight and cost of the module. 

Nowadays, the complete cooling module equipping 
many vehicles comprises a radiator, a condenser, a fan, 
a motor and a shroud. This shroud has a double func- 
tion. On the one hand it ensures better guidance of the 
air across the exchangers and, on the other hand, it en- 
ables the fan ventilator group to be fixed and held. How- 
ever, it forms too large a fraction of the volume relative 
to th total volume of the module. Equally it makes a 
significant contribution to the total weight and cost of the 
module. 

One aim of the present invention is to provide a 
cooling apparatus so as not to comprise a shroud but at 
the same time without in any way decreasing the fan 
performance. In one embodiment the fan is mounted be- 
tween the condenser and the radiator, the motor being 
mounted directly on the condenser. In this manner a 
great reduction in the weight, the cost and the size of 
the module may be achieved. 

According to a first aspect of the present invention 
there is provided a cooling module comprising a radia- 
tor, a condenser, a motor, a fan and a non-rotating ring 
extending about the fan periphery, wherein the fan is sit- 
uated between the condenser and the radiator. 

Preferably the condenser consists of plural con- 
denser tubes and the motor shaft passes between the 
condenser tubes via a through hole. 

Advantageously the ring is secured to the radiator. 

Conveniently the motor is directly mounted on the 
condenser. 

Advantageously the radiator and condenser are se- 
cured to one another by fixing pads. 

According to a second aspect of the present inven- 
tion there is provided a cooling module comprising a ra- 
diator, a condenser, two motors, two fans and two non 
rotating rings each extending about the periphery of a 
respective fan wherein the two fans are mounted be- 
tween the condenser and the radiator. 

Conveniently each motor has a respective shaft, 
motor has a resp ctiv shaft, the two motor shafts pass 
between the tub s of the condens r bundle through two 
through holes. 

Advantageously the two rings are secured to the ra- 
diator. 



Conveniently th motors ar directly mounted on 
th condenser. 

Advantageously the radiator and condenser are 
fixed to one another by fixing pads. 

5 According to a third aspect of the present invention 
there is provided a cooling apparatus comprising a first 
heat exchanger and a second heat exchanger, the two 
heat exchangers being disposed such that each has at 
least a portion in face-to-face relationship with the other, 

10 the apparatus further comprising a fan and a ring mem- 
ber circumferentially enclosing the periphery of the fan, 
the ring member being secured to at least one of the two 
heat exchangers and the fan being disposed between 
the facing portions of the heat exchangers. 

75 According to a fourth aspect of the present invention 
there is provided a cooling apparatus comprising a first 
heat exchanger and a second heat exchanger, the two 
heat exchangers being disposed such that each has at 
least a portion in face-to-face relationship with the other, 

20 the arrangement further comprising a plurality of fans 
and a corresponding plurality of ring members, each ring 
member circumferentially enclosing the periphery of a 
respective one of the fans, the ring members being se- 
cured to at least one of the two heat exchangers and the 

2S fans being disposed between facing portions to the heat 
exchangers. 

Preferably the first heat exchanger is a radiator and 
the second heat exchanger is a condensor. 

Advantageously the apparatus further comprises a 
30 fan drive motor for driving the fan, and the fan drive mo- 
tor is directly mounted on one of the first and second 
heat exchangers. 

Conveniently the first and second heat exchanger 
are secured to one another. 
35 Preferably the or each fan comprises a hub portion 
having secured thereto a first plurality of first blades ex- 
tending therefrom radially outwardly to a first circumf er- 
entially-extending blade support member, and a second 
plurality of second blades extending radially outwardly 
40 from the first support member. 

Advantageously an auxiliary fan is disposed on the 
outer face portion of one of the first and second heat 
exchangers. 

Conveniently the apparatus further comprises an 
4S electric motor rotating the fan, the electric motor having 
a shaft member, one of the heat exchangers defining a 
passageway for the shaft member and the shaft mem- 
ber extending to the space between the two heat ex- 
changers whereby the fan is secured to the shaft mem- 
so ber. 

Advantageously the electric motor is a brushless d. 
c. motor. 

The present invention will now be d scrib d with re- 
spect to th accompanying drawings in which: - 
ss Figur 1 shows an isom trie view of an axial flow 
fan suitable for use with the present inv ntion. 

Figure 2 shows a first mbodim nt of a cooling ap- 
paratus in accordance with the present invention, show- 
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ing an axial flow fan dispos dbetw enacondens rand 
a radiator, a non-rotating ring being secured to the radi- 
ator. 

Figure 3 shows a cooling apparatus similar to that 
of Figure 2, but having two fans disposed side by side 
between the condenser and radiator. 

Figure 4 shows a cooling apparatus having the fan 
disposed between a condenser and a radiator, with an 
auxiliary fan disposed on the outer face of the condens- 
er. 

Figure 5 shows a transverse cross-section through 
the arrangement of Figure 4. 

Figure 6 shows an arrangement similar to Figure 4, 
but with the auxiliary fan secured to the outer face of the 
radiator. 

Figure 7 shows a transverse cross-section through 
the arrangement of Figure 7. 

Figure 8 shows an axial cross section through a fan 
of the invention showing an integral electric motor. 

Figure 9 shows a more detailed view of the con- 
struction of the motor of Figure 8. 

Figure 10 shows a motor having remote commutat- 
ing circuitry. 

In the drawings like reference numerals indicate like 
parts. 

R ferring to Figure 1, an axial flow fan has a hub 
member (1) having an external periphery which sup- 
ports a first plurality of radially-extending first blades (2). 
At the tip region of the first blades, the first blades are 
connected together by a first circumferentially-ext end- 
ing blade support member (3) which also forms a root- 
support member lor a second plurality of second blades 
(4) are, in turn, supported at their tip regions by a second 
blade-tip support member (5) which is disposed concen- 
trally with the fan axis and the first blade tip support 
member (3). 

The hub member (1) has a generally planar front 
face portion and a centrally-disposed aperture (22) for 
a fan drive shaft. 

Where acoustic considerations are important, it has 
been found advantageous to provide a prime number of 
first blades and a different prime number of second 
blades. It has also been found desirable, although not 
essential, to ensure that the first and second blades do 
not coincide at the blade tip support member. 

The above-described fan has a reduced axial ex- 
tent. At the same time, this fan has good air-moving 
prop rties because it provides air moving ability over a 
larg proportion of the fan radial extent. It will be realised 
that these features make the fan described with respect 
to Figure 1 useful in the context of the present invention. 

In the present embodiment, a major feature is the 
positioning of the fan betwen two h at exchangers, such 
as a condenser and a radiator. A consequence of this 
arrangement is th ability to liminate the shroud and 
this results in a large reduction in the space utilised be- 
neath the bonnet of an associated vehicle and also a 
reduction in the weight and cost of the cooling appara- 



tus. 

Referring to Figure 2, a motor (12) is secured to a 
condenser (11 ). The motor has three fixing pads (13) in 
the region of a front motor flange (1 4). Three counterpart 
5 fixing pads (1 5) are brazed to the front face of the con- 
denser. A hole (16) is provided through the condensor 
between the tubes, for example through condensor 
pins, to allow the motor shaft (17) to pass through. After 
the motor shaft (17) has been passed through the hole 
10 (1 6) in the condenser, the motor is secured to the con- 
denser by fixing pads (13) and (15). A fan (18) has an 
insert (1 9) in its centre and the shaft is fixed in this insert. 
A fixed ring (20) is secured to the front face of a radiator 
(21). This fixed ring has two fixing lugs (22) which are 
is riveted to two further fixing lugs (1 3) of the radiator. The 
radiator and condenser are secured to one another in- 
directly by means of four fixing lugs (24). 

An alternative embodiment where the ring (20) is 
secured to the condenser instead of being fixed to the 
20 radiator is also envisaged. 

This latter embodiment is advantageous for the fol- 
lowing reasons: - 

The whole module, whilst it is operating, is subject- 
ed to severe jolts and vibrations. But the distance be- 
2S tween the rotating ring of the fan and the fixed ring is 
very small, allowing only a very restricted relative move- 
ment of these two components. In known arrangements, 
the fact that the fixed ring and the fan are mounted on 
two different supports namely the radiator and condens- 
30 ex increases the relative movement of one of these com- 
ponents with respect to the other because the supports 
are themselves subject to movement relative to one an- 
other. To overcome this problem, the fixed ring is se- 
cured to the condenser. In this way the fan and the ring 
35 are mounted on the same support and this decreases 
the risk of these components touching when the module 
is subjected to powerful vibrations. 

The embodiment which have just been described 
relate to the case where the module comprises only one 
40 motor and consequently only one fan. In an alternative 
embodiment, the module comprises two motors and two 
fans, the principle being otherwise similar - see Fig 3. 

The motors (1 2,1 2') have three (or four) fixing pads 
and are fixed directly on the front (in relation to the di- 
45 rection of the air flow) face of the condenser (11). Two 
holes (16,16') are provided between the tubes of the 
condenser, eg through fins of the condensor. The two 
motor shafts (17,17') pass through the condenser 
through the two holes (14) and (15). The two fans 
so (18,18'). are fixed on the two motor shafts indirectly by 
means of two inserts mounted at the centre of the fans. 
Two fan-rotating rings (20,20') are fixed on the front face 
ofth radiator (21). 

The main rings may b secured to th condenser 
55 inst ad of to the radiator. 

It is possible that in some cas s a fan disposed be- 
tw en the radiator and the condenser is not sufficient to 
produce the desired air flow. It is then possible to site a 
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further fan and a further motor to provide additional flow, 
thefurth r fan being in front of the condenser rather than 
between the heat exchangers. So far as the first fan is 
concerned, this is always mounted in the "fan-between" 
configuration, whereby the first fan is located between 
the two exchangers. In contrast, the second or further 
fan is a so-called pusher fan and is located in front of 
the condenser upstream in the flow of air. 

The mounting of the first and further fans to the two 
heat exchangers will now be described with reference 
to Figures 4 and 5. 

A principal motor (1 2) for the first fan (1 8) is mount- 
ed on the condenser (11 ) at the centre of the latter. A 
hole (16) is provided, in the centre, through the condens- 
er body, between two pipes of the latter. The motor shaft 
(17) passes through the condenser through this hole 
and is fixed to the first fan (1 8) by an insert (19) located 
at the centre of the hub (32) of the fan. A fixed ring (20) 
is mounted on the radiator (21 ). To secure the ring to the 
radiator, two fixing lugs may be used which make it pos- 
sibl to screw the collar to the radiator. A second motor 
(25) is mounted on the front face (in relation to the air 
flow direction A) of the condenser. This second motor 
comprises three motor fixing lugs (26) in the region of a 
rear flange (27). The said three motor fixing lugs, togeth- 
er with three fixing lugs brazed on the condenser, make 
it possible to fix the motor on the front face of the con- 
d nser. A second fan (30) is mounted on a shaft (31 ) of 
the second motor. Then, because in this configuration 
the relative position of the motor is reversed, the hub 
(33) of the auxiliary fan is also reversed. To avoid the 
blades of the second fan (30) being spaced too far from 
the condenser, the axial length of the hub (33) is in- 
creased so as to bring the fan blades close to the con- 
denser. A second ring (34) is secured to the front face 
of the condenser thus enabling better guidance of the 
air flow which the auxiliary fan generates. 

This arrangement is especially suitable for low or 
medium power auxiliary motors (from about 100 to 200 
watts). 

It is also envisaged tosecure the principal ring to 
the condenser instead of to the radiator. 

A further embodiment provides a second motor and 
fan secured to the radiator. This is useful where a fan 
disposed between the two heat exchangers does not by 
itself provide a sufficient flow rate for satisfactory cool- 
ing. In this configuration the fan is a puller fan and is 
positioned on the rear face of the radiator (in relation to 
the air flow). 

Referring to Figures 6 and 7, a first motor (12) is 
mounted on a condenser (11 ) at the centre of the latter. 
A hole (16) is provided, in the centre, through the con- 
denser body, between two pipes of the latter. A motor 
shaft (17) passes through the condens r through this 
hole and is fixed to a first fan (18) via an insert (1 9) lo- 
cat d at the centr of the hub of the first fan. A ring (20) 
is mounted on a radiator (21 ). To fix the ring, two fixing 
lugs are used which make it possible to screw the ring 



to the radiator. A second auxiliary motor (25) is mounted 
on the rear (with respect to the airflow direction A) face 
of the radiator, the rear flange of the motor being at- 
tached to the latter. Three motor fixing lugs (26) make it 

s possible to fix the motor on the radiator. On the shaft 
(31 ) of the auxiliary motor (25), there is mounted an aux- 
iliary fan (30 1 ). For better guidance of the air, a ring (32) 
is mounted on the rear face of the radiator. The said ring 
comprises two fixing lugs enabling it to be screwed di- 

10 rectly to the radiator. Fixing lugs (35) enable the radiator 
and condenser to be secured together. 

It should be noted that this arrangement is especial- 
ly suitable for low power auxiliary motors (from about 60 
to 120 watts). 

i& It is also envisaged to secure the main ring to the 
condenser instead to the readiator. 

In all of the above-described embodiments the fan 
motor for the or each fan disposed between the two heat 
exchanger has a shaft which passes through an aper- 
20 ture through one of the heat exchangers. It will be clear 
to one skilled in the art that modifications to this arrange- 
ment are possible. For example, where sufficient space 
were available, it would be possible to dispose the motor 
itself between the two heat exchangers and secure the 
25 shaft of the motor to the fan. 

An especially advantageous arrangement will be 
provided in which the or each drive motor is an electron- 
ically-commutated, or d.c. brushless motor. In the 
above-described embodiments, namely where the shaft 
30 passes through one of the heat exchangers, the use of 
a d.c. brushless motor will allow for better control of the 
fan rotation speed. However, if such a d.c. brushless 
motor were secured between the two heat exchangers, 
an especially space-saving apparatus could be provid- 
es ed. 

An electronically-commutated or brushless d.c. mo- 
tor may be embodied as a switched-reluctance motor, 
but, in a more preferred embodiment, the motor is a per- 
manent magnet brushless motor. Referring to Figure 8, 

40 an embodiment is shown in which the fan hub (1) has 
an internal cup-shaped member (400) which carries per- 
manent magnets (401,402). The cup-shaped member 
(400) which may be integrally formed with the hub, thus 
providing improved packing density, forms the rotor of 

45 an electronically-commutated motor. The motor further 
consists of a stator which has core members (410,411 ) 
each carrying a respective coil (420,421). The core 
members and the cores are secured to a base plate 
which is then secured to a corresponding face portion 

50 of the condenser. The base plate (430) may include the 
necessary electronic commutating circuitry for switching 
a direct current supply sequentially to the coils (420,42 1 ) 
to create a rotating magnetic field, thus applying torqu 
to th cup-shap d rotor m mb r (400) for rotating the 

ss fan hub (1) and h nceth blad s. The rotating field may 
be controll d d pending on th position of the rotor, to 
ensure synchronism b tween the stator and rotor fi Ids. 
Figure 9 shows a mor detailed construction of the rotor 
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and stator described above. Referring to Figure 9, it will 
be seen that th base plate memb r (430) has a central 
boss portion (431) which extends axially of the associ- 
ated fan, and which supports a shaft member (432) via 
first and second bearings (433,434). The first bearing 
(433) is a ball bearing and the second bearing (434) is 
a sleeve bearing. In the device of Figure 12, the base 
plate member (430) supports a circuit module (440). It 
will be seen therefore that when the fan and base plate 
are mounted to a face portion of a heat exchanger, the 
circuit module (440) will be on the same side of the heat 
exchanger as the fan. 

An alternative arrangement is shown in Figure 10. 
Referring to Figure 10, a heat exchanger (500 supports 
a base plate (430) on one surface thereof, and on the 
opposing surface there is disposed a circuit module 
(440). This arrangement is advantageous in a vehicle 
application where the heat exchanger (500) is a vehicle 
radiator or the like, and where the circuit module (440) 
is b tt r cooled by being disposed on the side of the 
radiator directed towards an incoming air flow. It will of 
cours be realised that the circuit module could instead: 
be located remote from the radiator or other heat ex- 
changer, for example secure to the vehicle body work 
intself. However this involves complications when 
mounting the arrangement to provide the necessary 
paths for the connecting wires. 

In the embodiments described with respect to Fig- 
ures 2-7, a fan similar to that described with reference 
to Figure 1, has been illustrated Such a fan, as noted 
above, is especially advantageous in that it provides a 
reduced axial extent and at the same time a good air 
flow performance. It will however be clear to one skilled 
in the art that other types of fans could be used. 

The advantages of the cooling apparatus to the 
present invention are as follows: - 

In operation, noise is reduced. This is partly due to 
the fans being enclosed by the above-described non- 
rotating ring members, partly due to the absence of sup- 
port arms which would otherwise be necessary to sup- 
port a fan drive motor within a shroud in a classical cool- 
ing arrangement and partly due to the overall rigidity of 
disembling which is capable of preventing vibration. 

The overall insulation size is considerably reduced 
with respect to the classical cooling arrangement, in 
which separate structures are required to support the 
fan, the condenser and the radiator 

The fan itself is substantially shielded all round, 
which gives rise to a well-protected fan. It will be clear 
to one skilled in the art that the fan which is so shielded 
will be inaccessible to one working under the bonnet of 
a vehicle, and this will preclude accidents due to entan- 
glement with the rotating fan. Likewise, damage to the 
fan itself is highly unlikely in this arrang m nt. 



10 



15 



Claims 

1. A cooling module comprising a radiator, a condens- 
er, a motor, a fan and a non-rotating ring extending 
about the fan periphery, wherein the fan is situated 
between the condenser and the radiator. 

2. The cooling module according to claim 1 , wherein 
the motor has a shaft, the condenser consists of plu- 
ral condenser tubes and the motor shaft passes be- 
tween the condenser tubes by a through hole. 

3. The cooling module according to claim 1, wherein 
the ring is secured to the radiator. 

4. The cooling module according to claim 2, wherein 
the ring is secured to the radiator. 



5. The cooling module according to claim 1, wherein 
20 the ring is secured to the condenser. 

6. The cooling module according to claim 1, wherein 
the motor is directly mounted on the condenser. 

25 7. The cooling module according to claim 1, wherein 
the radiator and the condenser are secured to one 
another by fixing pads. 

8. A cooling module comprising a radiator, a condens- 
30 er, two motors, two fans and two non-rotating rings 
each extending about the periphery of a respective 
fan wherein the two fans are mounted between the 
condenser and the radiator. 

35 9. A cooling module according to claim 8, wherein 
each motor has a respective shaft, the two motor 
shafts pass between the condenser tubes through 
two holes therethrough. 

40 10. The cooling module according to claim 8, wherein 
the two rings are secured to the radiator. 

11. The cooling module according to claim 8, wherein 
the two rings are secured to the consenser. 

45 

12. The cooling module according to claim 8, wherein 
the motors are directly mounted on the condenser. 

13. The cooling module according to claim 7, wherein 
50 the radiator and the condenser are fixed to one an- 
other by fixing pads. 

14. A cooling apparatus comprising a first heat x- 
changer and a s cond heat xchanger, the two h at 

55 xchang rs b ing disposed such that each has at 

least a portion in face-to-fac relationship with the 
other, the apparatus further comprising a fan and a 
ring member circumferentially enclosing the periph- 
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ery of th fan, th ring member being secured to at 
least one of the two heat exchangers and the fan 
being disposed between the facing portions of the 
heat exchangers. 

1 S. A cooling apparatus as claimed in claim 1 4, wherein 
the first heat exchanger is a radiator and the second 
heat exchanger is a condensor. 



other, the arrang m nt further comprising a plural- 
ity of fans and a corresponding plurality of ring 
members, each ring member circumferentially en- 
closing the periphery of a respective one of the fans, 
5 the ring members being secured to at least one of 
the two heat exchangers and the fans being dis- 
posed between facing portions to the heat exchang- 
ers. 



1 6. A cooling apparatus as claimed in claim 1 4, wherein 
the apparatus further comprising a fan drive motor 
for driving the fan, and the fan drive motor is directly 
mounted on one of the first and second heat ex- 
changers. 

1 7. A cooling apparatus as claimed in claim 1 4, wherein 
the first and second heat exchanger are secured to 
one another. 

1 8. A cooling apparatus as claimed in claim 1 4, wherein 
the fan comprises a hub portion having secured 
thereto a first plurality of first blades extending 
therefrom radially outwardly to a first circumferen- 
tially-extending blade support member, and a sec- 
ond plurality of second blades extending radially 
outwardly from the first support member. 

1 9. A cooling apparatus as claimed in claim 1 4, wherein 
an auxiliary fan is disposed on the outer face portion 
of one of the first and second heat exchangers. 

20. A cooling apparatus as claimed in claim 14, further 
comprising an electric motor rotating the fan, the 
electric motor having a shaft member, one of the 
heat exchangers defining a passageway for the 
shaft member and the shaft member extending to 
the space between the two heat exchangers where- 
by the fan is secured to the shaft member 

21 . A cooling apparatus as claimed in claim 20, wherein 
said electric motor is a brushless d.c. motor. 

22. A cooling apparatus as claimed in claim 21 , wherein 
the brushless dc motor has a rotor portion integral 
with the hub portion of the fan. 



10 26. A cooling apparatus as claimed in claim 25, wherein 
the first heat exchanger is a radiator and the second 
heat exchanger is a condensor. 

27. A cooling apparatus as claimed in claim 25 , further 
is comprising a fan drive motor for driving the fan, and 

the fan drive motor is directly mounted on one of the 
first and second heat exchangers. 

28. A cooling apparatus as claimed in claim 25, wherein 
20 the first and second heat exchanger are secured to 

one another. 

29. A cooling apparatus as claimed in claim 25, wherein 
each fan comprises a hub portion having secured 

2S thereto a first plurality of first blades extending 
therefrom radially outwardly to a first circumferen- 
tially-extending blade support member, and a sec- 
ond plurality of second blades extending radially 
outwardly from the first support member. 

30 

30. A cooling apparatus as claimed in claim 25, wherein 
an auxiliary fan is disposed on the outer face portion 
of one of the first and second heat exchangers. 

35 31. A cooling apparatus as claimed in claim 25, wherein 
the apparatus further comprises an electric motor 
rotating the fan, the electric motor having a shaft 
member, one of the heat exchangers defining a pas- 
sageway for the shaft member and the shaft mem- 

40 ber extending to the space between the two heat 
exchangers whereby the fan is secured to the shaft 
member. 

32. A cooling apparatus as claimed in claim 31 , wherein 
45 the electric motor is a brushless d.c. motor. 



23. A cooling apparatus as claimed in claim 21 , wherein 
the brushless dc motor comprises electronic com- 
mutating circuitry. 

24. A cooling apparatus as claimed in claim 23, wherein 
said commutating circuitry is disposed in the incom- 
ing air flow to an associated heat exchanger. 

25. A cooling apparatus comprising a first heat ex- 
changer and a second h at xchang r, the two heat 
exchangers being disposed such that each has at 
least a portion in face-to^ace relationship with the 



33. A cooling apparatus as claimed in claim 32, wherein 
the brushless dc motor has a rotor portion integral 
with the hub portion of the fan. 

34. A cooling apparatus as claimed in claim 32 , where- 
in the brushless dc motor comprises electronic 
commutating circuitry. 

35. A cooling apparatus as claim d in claim 34 wherein 
said commutating circuitry is dispos d in the incom- 
ing air flow to an associated heat exchanger. 
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Fig.8. 
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Fig.10. 
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